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SCANNING LENS SYSTEM 

Japanese Unexamined Patent No. Hei-11-84285 
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Inventor: Etsuko Shibata 

Inventor: Satoru Ono 

Applicant: Minolta Co., Ltd. 

SPECIFICATION 

TITLE OF THE INVENTION 
Scanning lens system 
[Abstract] 

[Object] A scanning lens system is provided which is capable 
of performing a scanning operation, in which a beam interval 
is short, with excellent, stable beam-position accuracy. 
[Achieving means] A surface on the side of a to-be-scanned 
surface 7 of a second scanning lens 6 that is a constituent 
element of a scanning lens system consists of two extended toric 
surfaces 6a and 6b. The extended toric surfaces 6a and 6b are 
shaped symmetrically for a plane parallel to a scan surface 
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(XY plane) and are shaped so that a generating line interval 
becomes smaller proportionally to an increase in scanning angle . 
The extended toric surfaces 6a and 6b are eccentric in a 
sub-scanning direction (Z-axis direction) , and each 
generating line is twisted in the sub-scanning direction. 
WHAT IS CLAIMED IS; 

[Claim 1] A scanning lens system for causing a plurality of 
deflected beams to form images on a to-be-scanned surface and 
to scan the surface, wherein the scanning lens system has an 
optical surface consisting of a plurality of extended toric 
surfaces arranged in a sub-scanning direction so as • to 
correspond to the plurality of beams, respectively, and the 
plurality of extended toric surfaces are shaped symmetrically 
for a surface parallel to a scan surface, and a generating line 
of each extended toric surface is twisted in a direction 
perpendicular to the scan surface. 

[Claim 2] The scanning lens system as set forth in Claim 1, 
wherein a distance between the generating lines of the extended 
toric surfaces becomes smaller proportionately as a scanning 
angle becomes greater. 

[Claim 3] The scanning lens system as set forth in Claim 1 or 
Claim 2, wherein surfaces other than the optical surface are 
a flat surface, an axisymmetric surface, a toric surface, or 
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a cylindrical surface. 

[Claim 4] The scanning lens system as set forth in Claim 1, 
Claim 2, or Claim 3, comprising a lens a surface of which is 
the optical surface, and an opposite surface is a flat surface, 
an axisymmetric surface, a toric surface, or a cylindrical 
surface. 

[Claim 5] The scanning lens system as set forth in Claim 1, 
Claim 2, Claim 3, or Claim 4, comprising a lens that is 
integrally made of resins and that has the optical surface. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 
scanning lens system and, more particularly, to a scanning lens 
system used for printers, facsimiles, etc. 

[0002] 

[Prior Arts] Scanning lens systems in which optical elements 
are arranged in a sub-scanning direction are proposed in 
Unexamined Japanese Patent Publication No. Hei-1-164917 , 
Unexamined Japanese Patent Publication No. Hei-2-167521, and 
Unexamined Japanese Patent Publication No. Sho-64-72118 . In 
the scanning lens system proposed in Unexamined Japanese Patent 
Publication No. Hei-2-167521 and Unexamined Japanese Patent 
Publication No. Sho-64-72118 , two optical components are 
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integrally formed in one optical path. In contrast, in the 
scanning lens system proposed in Unexamined Japanese Patent 
Publication No. Hei-1-164917 , lenses having the same shape are 
disposed while overlapping each other in a sub-scanning 
direction so as to correspond to two laser sources, 
respectively. Hereby, a laser beam emitted from each laser 
source forms each individual optical path without being 
overlapped, and forms each image on a to-be-scanned surface. 
[0003] 

[Themes to be Solved by the Invention] According to the scanning 
lens system proposed in Unexamined Japanese Patent Publication 
No. Hl-164917, a distance between the two laser beams is kept 
equal to a distance between the laser sources. If the beam 
interval is wide like this, pitch unevenness or the like is 
liable to occur because of the influence of, for example, the 
rotational unevenness of a photoconductor drum. Additionally, 
since each optical path is constructed with an independent 
optical element, beam-position accuracy is low, and the beam 
interval is not easily stabilized. 

[0004] The present invention has been made in consideration 
of the aforementioned points, and it is an object thereof to 
provide a scanning lens system capable of performing a scanning 
operation, in which a beam interval is small, with excellent, 
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stable beam-position accuracy. 
[0005] 

[Means for Solving Themes] 

In order to achieve the object, the scanning lens system 
of a first invention is characterized in that the system is 
a scanning lens system for causing a plurality of deflected 
beams to form images on a to-be-scanned surface and to scan 
the surface, and the scanning lens system has an optical surface 
consisting of a plurality of extended toric surfaces arranged 
in a sub-scanning direction so as to correspond to the plurality 
of beams, respectively, and the plurality of extended toric 
surfaces are shaped symmetrically for a surface parallel to 
a scan surface, and a generating line of each extended toric 
surface is twisted in a direction perpendicular to the scan 
surface . 

[0006] The scanning lens system of a second invention is 
characterized in that, in the structure of the first invention, 
the distance between the generating lines of "the extended toric 
surfaces becomes smaller proportionately as a scanning angle 
becomes greater. 

[0007] The scanning lens system of a third invention is 
characterized in that, in the structure of the first or second 
invention, surfaces other than the optical surface are a flat 
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surface, an axisymmetric surface, a toric surface, or a 
cylindrical surface . 

[0008] The scanning lens system of a fourth invention is 
characterized in that, in the structure of the first, second, 
or third invention, the system has a lens a surface of which 
is the optical surface, and an opposite surface is a flat 
surface, an axisymmetric surface, a toric surface, or a 
cylindrical surface. 

[0009] The scanning lens system of a fifth invention is 
characterized in that, in the structure of the first, second, 
third, or fourth invention, the system has a lens that is 
integrally made of resins and that has the optical surface. 
[0010] 

[Preferred embodiments] The scanning lens system in which the 
present invention is embodied will be hereinafter described 
with reference to the drawings. Fig. 1 shows a schematic 
structure of the scanning optical system where a first 
embodiment is used. This scanning optical system includes two 
laser sources 1, two condensing lenses (or collimator lenses) 
2, one cylindrical lens 3, one polygon mirror (deflector) 4, 
and a scanning lens system consisting of a first scanning lens 
5 and a second scanning lens 6. In addition, an SOS (Start Of 
Scanning) lens 8 that gathers a laser beam used to detect a 
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writing position and an SOS sensor 9 that receives a laser beam 
gathered by the condensing lens 8 are disposed therein. Let 
it be assumed that the direction of an optical axis AX is an 
X-axis direction of the first scanning lens 5, the main scanning 
direction is a Y-axis direction, the sub-scanning direction 
is a Z-axis direction, and the X-, Y-, and Z-axis directions 
are perpendicular to one another. 

[0011] A laser beam emitted from each laser source 1 passes 
through the condensing lens 2 and the cylindrical lens 3, and 
is then deflected and reflected by the polygon mirror 4. Each 
laser beam deflected and reflected by the polygon mirror 4 
converges on a to-be-scanned surface (photoconductor drum) 7 
in the main and sub-scanning directions, and travels on the 
to-be-scanned surface 7 at substantially uniform speed, 
thereby forming an image (latent image) . 

[0012] Fig. 2 shows the exterior of the second scanning lens 
6, Fig. 3 (A) shows the sub-scanning cross section of the second 
scanning lens 6, and Fig. 3(B) shows the front of the second 
scanning lens 6 when seen from the side of the to-be-scanned 
surface 7 . As can be understood from Fig. 2 and Fig. 3, the 
surface of the second scanning lens 6 on the side of the 
to-be-scanned surface 7 has a shape formed by two extended toric 
surfaces 6a and 6b that are arranged in the sub-scanning 
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direction (Z-axis direction) so as to correspond to each of 
the two laser beams. 

[0013] In Fig. 3, L is the borderline between the extended toric 
surface 6a and the extended toric surface 6b, La is a generating 
line of the extended toric surface 6a, and Lb is a generating 
line of the extended toric surface 6b. The cylindrical lens 
3, the first scanning lens 5, and the opposite surfaces of the 
extended toric surfaces 6a and 6b (i.e., the surface, on which 
a beam enter the second scanning lens 6) constitute a coaxial 
optical system, and the optical axis AX of the first scanning 
lens 5 coincides with the rotationally symmetric axis of each 
surface . 

[0014] Fig. 4 shows the sub-scanning cross section of the 
scanning optical system where the first embodiment is used. 
A cover glass (not shown) is housed in each laser source 1, 
and, in Fig. 4, a surface to which si ( i=l , 2 , 3, . . . ) is given 
is an i-th surface counting from the side of a light emitting 
point (not shown) in each laser source 1. A surface si to which 
the sign * is given is an aspherical surface, and a surface 
si to which the sign # is given is an extended toric surface, 
and surfaces other than the surface sll consisting of the two 
extended toric surfaces 6a and 6b are flat surfaces, 
axisymmetric surfaces, toric surfaces, or cylindrical 
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surfaces. In the first embodiment, since a laser beam that has 
been emitted from each laser source 1 and that has passed 
through the condensing lens 2 passes outside the axis of the 
cylindrical lens 3, it enters obliquely on the reflecting 
surface s7 of the polygon mirror 4. 

[0015] As can be understood from Fig. 3, the two extended toric 
surfaces 6a and 6b are shaped symmetrically for a surface (plane 
including the borderline L and the optical axis AX) parallel 
to a scan surface (XY plane) (i.e., the generating line La and 
the generating line Lb are symmetric with respect to the 
borderline L) , and are shaped so that the distance between the 
generating lines La and Lb becomes smaller proportionately as 
the scanning angle becomes greater. Further, the extended toric 
surfaces 6a and 6b are eccentric in the vertical direction 
(sub-scanning direction) with respect to the scan surface (XY 
plane) , and the generating lines La and Lb of the extended toric 
surfaces 6a and 6b are twisted in the sub-scanning direction. 
[0016] In the extended toric surfaces 6a and 6b, the refractive 
power in the sub-scanning direction is largest, and, as 
mentioned above, the extended toric surfaces 6a and 6b are 
provided with eccentricities and with the twists of the 
generating lines La and Lb. Therefore, the two laser beams 
separated in the sub-scanning direction on the second scanning 
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lens 6 can be brought to a close position on the to-be-scanned 
surface 7 while restricting the slant of the laser beams on 
the to-be-scanned surface 7. Therefore, a beam interval on the 
to-be-scanned surface 7 can be substantially equalized with 
a pixel-to-pixel distance. Further, it is possible to correct 
a curve, called a "bow", in the sub-scanning direction of the 
scanning line that occurs at that time. 

[0017] In the surface slO, on which a beam enter the second 
scanning lens 6, the refractive power in the sub-scanning 
direction (Z-axis direction) is small. Thus, processing 
accuracy can be stabilized, and instability in performance can 
be suppressed by sharing this surface whose refractive power 
is small in the sub-scanning direction between two laser beams. 
Further, the second scanning lens 6 that has an extended toric 
shape at its upper and lower two parts is integrally made of 
resins. If the shapes of the extended toric surfaces 6a and 
6b are integrally formed in this manner, relative position 
errors in, for example, assembly will not occur, and hence the 
scanning positions and an interval therebetween can be 
stabilized with high accuracy. 

[0018] Fig. 5 shows the sub-scanning cross section of the 
scanning optical system in which a second embodiment is used. 
The second embodiment is structured in the same manner as the 
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first embodiment, except that two cylindrical lenses 3W 
arranged in the sub-scanning direction so as to correspond to 
each laser beam are used. Since the laser beam that has been 
emitted from each laser source 1 and that has passed through 
the condensing lens 2 passes above the axis of each cylindrical 
lens 3W, both of the two laser beams impinge in parallel upon 
the reflecting surface of the polygon mirror 4. 
[0019] Fig. 6 shows the sub-scanning cross section of the 
scanning optical system in which a first comparative example 
is used. The first comparative example is structured in the 
same manner as the first embodiment , except that a second 
scanning lens 6A is used. The surface of the second scanning 
lens 6A on the side of the to-be-scanned surface 7 is anamorphic 
like an extended toric surface and is a surface having great 
refractive power in the sub-scanning direction. Therefore, 
each laser beam passes through a position widely apart from 
its generating line, and hence a slant occurs in each laser 
beam on the to-be-scanned surface 7. 

[0020] Fig. 7 shows the sub-scanning cross section of the 
scanning optical system in which a second comparative example 
is used. The second comparative example is structured in the 
same manner as the second embodiment, except that two lenses, 
i.e., a first scanning lens 5W and a second scanning lens 6W 
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are used which are arranged in the sub-scanning direction so 
as to correspond to each laser beam. Thus, since the width in 
the Z-axis direction of the reflecting surface of the polygon 
mirror 4 becomes great in an optical system in which two optical 
paths are disposed in parallel, precision is not easily created, 
and costs rise. Additionally, since scanning lens systems the 
number of which is equal to that of the laser sources 1 are 
required, it is necessary to make form accuracy uniform in 
machining or relatively adjust beam-position accuracy. 
Additionally, since a beam interval is increased on the 
to-be-scanned surface 7, pitch unevenness easily occurs 
because of the rotational unevenness of the photoconductor drum 
also in performance. 
[0021] 

[Examples] A more detailed description will be hereinafter 
given of the structure of the scanning lens system in which 
the present invention is embodied, mentioning construction 
data (construction data about the optical system of a one- 
side optical path) and so forth. Examples mentioned herein 
correspond to the scanning optical system of the first 
embodiment mentioned above, and the . lens-structure diagrams 
(Fig. 1 to Fig. 4) representing the first embodiment show lens 
structures of the following examples, respectively. 
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[0022] In the construction data, si (1=1,2, • • • ) is an i- 
th surface counting from the side of an emitting point (not 
shown) of the laser source 1, ri (i=l,2, • • • ) is a curvature 
radius of the i-th surface si, r5M is a curvature radius in 
the main scanning direction of the fifth surface s5, r5S is 
a curvature radius in the sub-scanning direction of the fifth 
surface s5, di (i=l, 2, * • • ) is an i-th surface interval counting 
from the side of the emitting point of the laser source 1, and 
Ni (i=l,2, • • • ) is a refractive index, with respect to a laser 
beam whose wavelength is 780nm, of an i-th lens counting from 
the side of the emitting point of the laser source 1. OD is 
a distance from the emitting point of the laser source 1 to 
the first surface si, and A is a design wavelength. Parallel 
eccentric data of the fourth surface s4 and parallel 
eccentric/slant eccentric data of the 11th surface sll are 
shown in addition thereto. ZP is the amount of parallel 
eccentricity in the Z-axis direction based on the optical axis 
AX, and XQ and ZQ are the amount of slant eccentricity around 
the Y axis, XQ indicates the projection in the X-axis direction, 
ZQ indicates the projection in the Z-axis direction. 
[0023] The surface si to which the sign * is given indicates 
that it is a surface formed by an axisymmetric aspherical 
surface, and let it be assumed that its surface shape is defined 
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by the following equation © that uses coordinates (X,Y,Z) for 
X, Y, and Z axes in which the surface vertex of the lens is 
an origin. Axisymmetric aspherical surface data are shown in 
addition to the construction data. 
[0024] 
[Formula 1] 

x= j c#(y2+z2) +f (fl0 -(r 2 + z 2 )' /2 ■ ■ • © 
i+f-fC 2 «(y 2 +z 2 )) 1=4 

[0025] 

In the equation ©, 

X is a coordinate in the direction of the optical axis, 
Y is a coordinate in the main scanning direction, 
Z is a coordinate in the sub-scanning direction, 
c is a paraxial curvature, 
£ is an eccentricity, and 
ai is an i-order aspherical coefficient. 

[0026] The surface si (i.e., the 11th surface sll) to which 
the sign # is given is defined by the following general formula 
© of the extended toric surface. Let it be assumed that the 
equation © is defined by the three-dimensional coordinate 
space (X, Y, Z) . 
[0027] 

A r = [^«y 2 /^+(i-/y^ 2 •y 2 ) 1/2 )j+p+^ • • •© 

k and p in the equation © are expressed by the following 
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equations © and ©, and A in the equation © is expressed by 

the following equation ©. In the equation ®, aO,0 = 0 N ai,l 

= CU al,j=0. 

K = KI(\-K*p) • • • © 

p = C*Z 2 /^ + (\-e*C 2 •Z 2 ) ]/2 \ • • •© 

[0028] 

[Formula 2] 



i=0 



i=0 



• |Z|' • • • © 



[0029] The aforementioned extended toric surface is obtained 
as a surface in which a two-dimensional additive term A(Y,Z) 
is given to a reference Z toric surface. Under the assumption 
that a curve in the main scanning cross section is a main curve 
and that a curve in the sub-scanning cross section is a profile 
curve, K and C represent a curvature in a main-curve direction 
at the surface vertex and a curvature in a profile-curve 
direction at the surface vertex, respectively (more accurately , 
K+2a0,2 and C+2a2,0, respectively) {i.e., 1/K: curvature 
radius of the main curve at the surface vertex, 1/C: curvature 
radius of the profile curve (curvature radius in the sub- 
scanning direction of the main curve at the surface vertex) }, 
and p and £ represent a quadratic curve parameter in the 
main-curve direction and a quadratic curve parameter in the 
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profile-curve direction, respectively (hyperbola when 
negative, parabola when zero, ellipse when positive, and circle 
especially when 1) . Extended toric surface data are shown in 
addition to the construction data. Herein, 1/S.C is data 
showing the curvature radius of the main-curve twist of the 
extended toric surface. 
[0030] 

((Construction data of examples)) 
OD=-0. 20150 (mm) 



A=780 (nm) 
Surface Curvature 
radius 



si 



s2 



s3 



s4< 



s5 



s6 



s7 



s8< 



rl= 00 
r2= - 
r3= 00 

r4= -10.21420 
r5m= 00 

r5s= 29.63700 
r6= 00 



Surface-to- 
surface 
distance 

dl= 0.30000 

d2= 11.25892 

d3= 2.80000 

d4 = 13.64108 

d5= 1.50000 



Refractive 
index 

Nl«l. 151118 
N2-1. 78571 



N3=l. 57222 



Cover glass 
Condensing lens 2 



Cylindrical lens 3 



d6= 48.0000 

r7= 00 (Reflecting surface of polygon mirror 4) 
d7= 26.50000 

r8= -34.29941 

d8= 6.40000 N4=l. 51882 



First 



scanning 
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lens 5 

s9 r9= -26.78200 

d9- 41.0000 

slO* rlp=-250. 51857 

dlO= 6.4000 N5-1. 15882 Second scanning 

lens 6 

sll# rll- -26.90000 

dll=142. 81700 

sl2 rl2= - (Image 

surface, to- 
be-scanned 
surface 7) 

[0031] [Axisymmetric aspherical surface data of the fourth 

surface s4] 

c-1. 00000000 

a4 = 0.81303417x10" 

a6= 0.59315963xl0" 6 

a8= 0.35716518xl0" 8 

al0= 0.28672133xl0' 10 

[0032] [Axisymmetric aspherical surface data of the eighth 

surface s8] 

€=1. 00000000 

a4= 0.41506484xl0~ 5 

a6= 0.18915289xl0~ 8 

a8= 0.11239429xl0" 10 

al0= 0.53049550xl0" 14 

[0033] [Axisymmetric aspherical surface data of the tenth 
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surface slO] 

e=l. 00000000 

a4 = 0.22417944xl0" 5 

a6= 0.70400379x10"' 

a8= 0.14435986xl0" 12 

alO= 0.93771515xl0" 17 

[0034] [Extended toric surface data of the 11th surface sll] 

s=l. 00000000 

u=l. 00000000 

l/C=-26. 90000086 

1/K=2500. 00000000 

1/S.C=1499. 99999250 

a0,2= 0.36689521xl0" 5 

aO, 4=-0.28302010xlO" 5 

a0, 6= 0.17000000x10"" 

aO, 8=-0.21527274xl0" 13 

a2,2=-0. 18490749xl0" 5 

a2, 4=-0.18783576xl0" 8 

a2, 6=-0.10196364xl0" 11 

a2, 8=-0.41220444xlO" 15 

[0035] [Parallel eccentric data of the fourth surface s4] 
ZP= 4.0000000 

[0036] [Parallel eccentric/slant eccentric data of the 11th 
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surface sll] 
ZP=-5. 1051000 

XQ= 0.9793289 (Slant angle: 11.67°) 
ZQ=-0. 2022745 (Slant angle: 11.67°) 

[0037] Fig. 8 shows the field curvature (A) and the bow (B) 
of the aforementioned examples . In Fig. 8(A), the ordinate axis 
(mm) indicates the amount of defocus (i.e., the amount of 
deviation in the direction of the optical axis AX) , and the 
abscissa axis (mm) indicates the image height. Herein, the 
solid line indicates the field curvature in the main scanning 
direction, and the broken line indicates the field curvature' 
in the sub-scanning direction. In Fig. 8(B) , the ordinate axis 
(mm) indicates the height in the sub-scanning direction (Z-axis 
direction) on the to-be-scanned surface 7 (i.e., the 
intersection of the to-be-scanned surface 7 with the optical 
axis AX is 0), and the abscissa axis (mm) indicates the image 
height. From- Fig. 8, it can be understood that the examples 
satisfy sufficient performance both in the field curvature and 
in the bow. 

[0038] [Effects of the invention] As described above, each 
optical path is formed with a plurality of extended toric 
surfaces arranged in the sub-scanning direction so as to 
correspond to each of a plurality of beams, and therefore a 
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relative position error (e.g., mounting error) in the extended 
toric surfaces becomes small, and beam-position accuracy rises, 
and a beam interval is stabilized. Additionally, the plurality 
of extended toric surfaces are shaped to be symmetric with 
respect to a surface parallel to a scan surface, and the 
generating line of -each extended toric surface is twisted in 
the direction perpendicular to the scan surface, and hence the 
beam interval on the to-be-scanned surface can be diminished. 
Hence, pitch unevenness caused by the influence of , for example, 
the rotational unevenness of a photoconductor drum does not 
easily occur, and the bow can also be corrected. Therefore, 
according to the present invention, a scanning operation in 
which a beam interval is small can be performed with excellent, 
stable beam-position accuracy. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Perspective view that shows the whole structure of 
the scanning optical system of the first embodiment. 
[Fig. 2] Perspective view that shows the second scanning lens 
forming the first embodiment. 

[Fig. 3] View that shows the sub-scanning cross section and 
the front of the second scanning lens forming the first 
embodiment . 

[Fig. 4] Lens-structure diagram that shows the sub-scanning 
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cross-sectional shape of the scanning optical system of the 
first embodiment. 

[Fig. 5] Lens-structure diagram that shows the sub-scanning 
cross-sectional shape of the scanning optical system of the 
second embodiment. 

[Fig. 6] Lens-structure diagram that shows the sub-scanning 
cross-sectional shape of the scanning. optical system of the 
first comparative example. 

[Fig. 7] Lens-structure diagram that shows the sub-scanning 
cross-sectional shape of the scanning optical system of the 
second comparative example. 

[Fig. 8] Aberration diagram that shows the field curvature and 
the bow of the example. 
[Description of Symbols] 
1... Laser source 
2... Condensing lens 
3... Cylindrical lens 
4... Polygon mirror 

5... First scanning lens (part of scanning lens system) 
6... Second scanning lens (part of scanning lens system) 
7... To-be-scanned surface (photoconductor drum) 
8... SOS lens for detection of writing position 
9... SOS sensor for detection of writing position 
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L... Borderline of extended toric surface 
6a... Extended toric surface 

La... Generating line of extended toric surface 6a 
6b... Extended toric surface 

Lb... Generating line of extended toric surface 6b 

AX... Optical axis of first scanning lens 5 (axis of axisymmetric 

surface) 
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Fig.7 
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